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s*}^ ^o^^-^l ^^^i, ^^^^>^ w^Hs ^^*}^ ^^1; «}-§-# 

"^^Hl ^^S. e}i4^ 5l1ol;^-1 ^A}^>c^ 7}^ 31 4i^^>fe i^^fe ^1: 

£ 4 
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^c^3\. o]-§-^V ;^lS«o^'^ 31 ^I'Hl^;^} ^^i-«o>'^{ method for 

manufacturing fine particles and depositing thereof using flame and laser beam} 

£ 1^ ^til-^o] n]/^l«a^> ^]3z^^^]Q] ^^^4r 7^^^JOS. ^-Bj-i^ S^S. 

*l-7l 
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^>?^7J-:E1- M-^^H Ii2fl^5:Ai, £ 9a^ ^-§-#^ <^14 7}:i -^^oll v^n, He) 

5. 10a i^^l lOc^ ^ T^-l^S^^V ^1^«o^^<Hl 4^ efl'^l^-l ^A>^^l7} 

-^^A-i, £ lOa^ ^]<=>]:^] ^A>^}^1 lOb^ 760W^ eflo];^-] ^a}^^ 

^-f , :£ lOcfe 1629W^ sflol^^i ^A>t}: z^-z]- q-E^^cf. 

£ 11a i^^l 11c ^ ^^^<^1 4€- ^l^fl"?]^} ;^la«o^^<^l 4€- sfl<^l^-l ^A}^^l7} 

jO^A^, :£ lla^ 5fl<^l^-1 3:A}^r}:^l IE llbfe 556W^ Eflo];^-! ^A}^1 

i llc^ 1170W^ eflol^i ^A>^ z^-z^- i^b^^c}. 

£ 12a ifl^l £ 12c^ ^ ^^<^] T^l^fl^;^> ;^l2i«o>^<^l efl^^l^-] ^^^^ 2a>^ 

S^^S^i, £ I2a^ eflo]^-^ SA>^>;^1 £ 12b^ 760W^ sflol^H ^1-2 

>«>t} ^-f, £ 12c^ 1808W^ i?^-g- SA>«]: ^E^^^r^-. 

£ 13a i^^l £ ]3c€- ^ ^^^^1 ^l^fl^;^> ^^llS^j-^ '^l sfl-^l^i a441 

£^ o.^Ai, £ I2a^ eflol^i aA>§>xl :£ 12b^ 259W^ efl'^l ^-l 2: 

£ 12c^ 1136WS1 eflo]^-^ ui^ ^A>t!- 2^-4 ^E^-'^r}. 



32-5 



^^019990002613 1999/11/19 

(composite) Z1&|^1 <a^l-l- ^^^^^l^^^ ^^^}^ ^-fl^l^l ^ofl ^ 

* elH,^jl- o]^^].o^ «^.ujo]] ^tr 55o]x]-. 

<15> S^^qi<Hl><-^ "a^Vl- ^l^^*><^ ^^^^1^1^ 7l-=^^«fl ^mriame hydrolysis 

deposition; FHD)* 7fls*^o] ;£joi] uj-Bl-ifl^cl-. Sig-i- ^S^}Tg 

-§-#^<^l -§-7l(la,lb)^^<^l <^l^cfl, N25q- 71-^1- i^i'i(4)S o]^^ 

^^7l wm(4)S. o]^^ «}-8-l-^#^ ^-a- ^S^^^ 2l'S(5)^S 

«J.ii(3)5^- -fr^ S^7]UTiass flow controller; MFC)(2)7} ^^]^ 

-§--1-^^ -^}-§-^^}^ ^-^-^y ^(multi-component)^ -^=^-^^1 '^t}^ ^-S. ^c}. <A]Mr 

^o], ^£4«l-n|olu|- :g-Aj-0. ^]^-^ <^1^ SiCl^, GeC^, POCls^S^ ^>-S-l-^ol 

4^ ^>-§-l-^^ n^rt^l <^±<^] Sj-«S{5) ^<^17^ -'^A^^ H205]- ^V-g-^>=^ S. 4<H1 HA] 
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€ y>fif ^o] Si02, Ge02, PgOs^^ °t3^}(6)l- ^5^^^>^, ^]^^ h:^^ 7l^(lO)o1i 

<17> S^fll- ^ISl- ^-f , ^-§-1-^ ol^7}^il- -a-^S. JiI^l5r>Jl E}>J1 71^(10) cfl 

^l^^l?^ ^S^^^ S^^>1- ^^1-^1 ^ ^ 7] Outside vapor deposition; OVD) 

71:^(10) tflAlo^l ^^3. ^]]o]s\(v]S.M)^ ^^7] ^]]o]^ t^|u|(4)^ 2^>^^ 

<18> :^ s-^d]] oio]^^, ^12:^ ^^^^ ^ :^^(sintering)^^J 

-i: ^*><^ ^4-, ^^^Uaggregate)^ ^g:^}a.7l^i^ 

£l *-l-(f]o\v')i'^ 3X11 (packing) ^1 '^^^ ^^]^^ i^-^^^ ( porou5 )5J 7]^(pore)# ^-"ci*! 

Tfl S]J1, O]^ 71^1^5^ ^ :^}7l^ -^^^oll ^ ^-^^^i ^-g-*}7fl^t:f. t45}A-l 

S^^^^ T^l^fl^^^^ ^12: ^ o1e:1*1 o]J^^ ^tii7}$^ ^ISo)] iic^jA-:], ^ A] 

^o]7l ol^|s. i4i^PlE^ A>c]_:^^ 7}^^)- 2]-7ll§}^A-l ^ a.7l^i 

(monodisperse size distribution)!- 7}7]S:^^ ^o] 
7R1- i^e^-^i '^le-^^^ *B^*}7l 9^^^^] fe^'^l ^4. 

<2o> ^7ll c^Bl^^sq ^IS ^1 ^isofl A>-§-£]^ wm^l^ ^^Is^'g 

^M(coflow diffusion flame burner), ^fl^-^ ^^y-sl-^ i*l M (count erf low diffusion flame 
burner), •^l^^Sl-<g H (coflow premixed flame burner) 91^. ^ w^v-iofl 
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^*>i4. <ii^>o^ ^^J-(morphology)^ 2|<=i <^^:^}S. ^<H] o]^ oj^} 

71- -g-^Mcoalescence)^]^ ^^^l-^l ^^S^il ^It!: ^^^V^^ ^1-^1^^ ^ 

^i^^lY. Xiong et al. ,1993. J. Aerosol Sci., 24(3), pp. 301-313, S. E. Pratsinis, 
1998, Prog. Energy Combust. Sci., 24, pp. 197-219 ^l-^i^ -§-^<^l 

'U^^^ ^-f (^, ^"^^ ^£7> ^-^)<Hm £ 2a<Hl £Al^ «>si|. ^o], o^:g^ 

^1 ^JL 14^7}^1 S.<a^.OS. ^^£lol ^^^^>7fl ^V]-. 

<2]> o^7lA^, :£ 2b^ ^ol^ ^^^l^l :^2]7} 2aflS Sl^t-fl Al:^^ mA^^^A]:^ 

(characteristic collision time)-^^ 2^ ^r}^ t-fl i^^^ ^<^1 ^.5.^ S^^i^lR. S. 
Windeler et al., 3 997, Aerosol sci. and Tech., 27, pp.174- 190, 



o^AioilA-^ ^^^fl^ ^^^s], -i-2T?V(Boltzmann) dpfe ^ ^^^11- ^ 

7m 7] ^<i];^}( primary particle)^! 3]^, (D^ ^S^^^ <a;^> 
^ ^2l/^«|-i-^ o]^7}:^ Df^ ^^^1^ 5ai^(fractal) ^^S. 

3<^1 7}7P}^^^ ^^ofl ^^1^ "y^}^^^* 7]-El7lZL 1«'11 7>77>^^^ ^^7}^]S. 




-1 
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<25> H*}-. ^ 7l]Sl -^^ <a;^}7} ^^t] -^-^^Ic^ S. 2aoll £^1^ w}^^- ^y-o] ^ 

^ o.^ ^^§1 ^i^>5|-^>^r-fl A]^^ ^>.^^^A]:^> (characteristic coalescence 

time)j^S ;^jo1^>^cll, o]^ o^^}o^ ^^i^l^l-q^oil STll JI^^^-^X solid state 
diffusion) n]l7>q§ai}- ^a^-^^( viscous flow) ^l7>q^jos iJI-^ipOl^cl.. H c^]^, Ti02^ 
^-f 31-^>^A>( solid state diffusion )nfl7>i-1^o]] ^t^^rj-D^^ Si02^ ^-r- ^^^-n"* 
(viscous flow) ^^>^^«1] «fl^«Vi4. 5102^^1 ^^^-§-"&A]:<i^ aA]^>^ ^-^4 
[W. D. Kingery et al., 1976, Introduction to Ceramics, Wiley, New York 

<26> [^^^ 2] 



^71] «i^}37l# ;^]o:|^}7l ^*}o^ rf<y:*> «J-^o] A] £5]^ cir^._ :3 ^ H];?^!)^-^ wix-i 

^^1 ^^'^lAi A>-g-£)ol^ ^^^?] 1}-^<H1 ^^Cf. ^5iM-, <^l:a-^ «o^^Ol1 ^ 
^"S^S^l^i <^1^7>>: -B-^ol ^-f ol]^ 7]^<a^>^ 37]^ ^O}^]^]^ 

§ ^^^17> ^-^^slJl, «}-^ ^^fil 'a^>7} H 3.7]7} lOOnm 

1-^ o]^7}^^^ «.A>^^]^ ^^*>i:ief£ l4icnlB-lA>ol^o] ^.^o] =.^0^;^].^ ^]2:.^}^ 

^7}^t}€\-[S.E. Pratsinis et aL, 1996, Powder Tech., 86, pp.87 ^2i] 
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q-(lla,llb)o11 ^^(DC) ^7l^>^ 7}s}^ 'a^SE^ tfl;^^ ^7]^> 

;^}l-o] 2?-<g^s.^E^ o]:g.f-o.^-w] ^a^V^ T^^£7} 2]-oM7i ra 

37lfi} ^^^]^ 3711- £^ ^Tfl ^^o] ol^iJj. o] <y^>7} <y:S: 

o^Cl-. n^-et-A-:] ol^>o^ 37171- #c>:|l-l=l Sl-£ ^-^^l^l 5l^ g^JH, U:l ^ ol x^^^^ 

^^}7> ^^oil -^^i-^^S^ '^t3;^>^^^l-<^l ^o}^l^ t> 7^171- ^i:l-[S. Vemury et al., J, 

Aerosol Sci., ] 996, 27, pp.95], Y. Xing ei a)., 1996. Combusiion and F)arn»:., JO',, 
pp.85 %2i]. 

I^Vx^ol ol^j7;^> s>fe 7l#^ Jif^l] 

^ ^^^^ ^J-7]2} ^-;^l^-a- ^l*>7l ^-OS.^^^ 2).<g^ ol^^jc^Aflefnl 

°l^-n^^* ^dt7} 2.^11^^ ^la^}7l ^^>Al7l^C-ll ^o^A-1, ^7l eflol^-ll- 

SA>^V05..yq 7l^Sl ^^^0\] tiltfl, M-icOlE^ A>Ol^O^ ^^C. ZfL^O^ O];,].^ ^ cl- Bj- 
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<30> ^1-71 ^a^^ ^•^^^}7l ^ ^^^<:'fl r4€- i^pHl ^IS "J-'^^. 

^^1 ^^^i. ^^^^}^ ti>^-i-^^# ^^*>Tr ^^1; ^>-S-lr^#<^] 

<H1 ^]o]^^ «1 o. ^A}^>0^ 7><i ^ dt^^>^ 5.^t!:i=f. 

'^l^fl^^m cfl^V SAfloll #^1-^17]^ T^l^fl^a^l- ^<H^i, Sh-S* ^-^^^l 

^<=>ll^i ^3^^^>fe ^7^1; ^1-71 ^<gtfloiiA-1 o^^oi] ^c^s. e>i4^ eflol^-l 

<34> olgr> ^ ^^Hm ^Ml-^l 'i^^>7lS tl-T^. 
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1<H] A>-g-^>c»^ ^±iWr ^^(4)5. ^"^^Vc^ 5l-^(5)^ ^^J*>J1 5}-^ti} 

7l>a-^ tfm ti}-g-^>a^ 0.5 nm ^a^^ *3^>^(6')^ ^^^^^ 

q. o]EitV <^a7}^^ n^-%r o]^^}^X\ ^%^] o}^ ^^^o^ 

(clusler)l- ol *y^>S] ^ ^^i4^^i:fl54 7}-^7>^ sf^S"^ 7>x^l^ 

Eflo];^^ 21 ^t}- ^^^S. ^^tM ^^:^\^ ^£7> ^^^1 ^7}^H 37] ^^^17} 

# -8-^>£]<H 5-lOnm 4^ '^■4(6')^ ^s}^^. ^^H, t^^^ ^]^. 

<37> ^ofl n^-sig, -y^:?} ^^A]:^^ ^:£^7}oi] tr)-ef _i/2^o.^ ^^^} 

<a;^>7> # ^^>tflo] Eflo];^^^ S.7]^n^ 3.7]9] ^ 

^A}^o_^^ oT;^}o^ -^^«] -^-5^^171^, o^^}c^ ^^o] ^iBfl^ o.^ ^«>m 

<38> o]^7fl ^5^^^ ^l^-fl^^s^^y^S. ^^j-R- ^is^ ^-?-<^l^. -^l^tfl, ^el7> ^4 

»m(4) a^^S-?-Bi 10-20crn 'i^^ ^^]<^] 7l:^(]0)^S ^4^]^ ^ SOrpm.^ 
S. S^^Al7l^ 10-40 nm 3.71^ "U^M ^^^^^"i], -&^s)7l ^^^1<^1 ti]^} 

<^ *a4fe ^#^^^<^1 ^o>4s.S[S. E. Pratsinis, 1998. Prog. Energy 

Combust. Sci., 24. pp. 197-219 s^<^4r ^l"!:* 71-4711 

4. 44^1 ^^^^^ 'a^^ 511441- ^4*1-4 ^-f (£ 4 #2:^3:6 %^s)oll 4*} 
4 4^ T^^4 ^47} €4(£5 6" #^). 4^ f^l-l:4^ ^-^4^^^- -§-^ 

1-4 2:^4 7>^^# 44*14 ^^1-^ 4^71-^4 ^7>44£ 4^ ^^4 *a4 ^1 
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«ol-^<='l ^i=f. ^^^^ wlH* ^ Im IScm/min^ ol^^l^S^i ^1^^ 

^. 

<39> ^ ^^S. ^Ssl-S. ^ISAloi]^ ^&1^> ^ 12^^1 2]^^ ^el^ 

^^1^>J1, ^o]^^ 2]^ ^ ol^Al^ji^Ai oj;^>l. ^^l-tl-cl-. 

<4o> p>^mo.s, ^-flel-^. ^^^1 t:'!^^^^ i^^>^ ^^^^^ ;^l]2:^>:ii;^> 

'a=^>^1 ^-§-* ^ y^"^^ ^^^^Xsingle incidence) 6a)^<^1^^ efl^l 

(multi-incidence)^>fe ^^.1 w}^3)3r>t:l-. o] ;g o.^ ^^o^ ^d\:^] ^fl-g-§>^ ^S: 7>^ 

^1?^ (4 1,4 2)* y-^l*}*^ Sl-'g^ iS^> 3:A>^ ^ 01^^ ^ ^ ojtq.. rfloj o s 
^i. £ 6coll ti><4 :y-o] ^<g2f ^^o.s Bflo];^!- ^a>^1-^ ^^2:>^>(co-axial 

incidence) ^fl-g-€ ^ ^i^. S^^oil-^i Pl^i^g^ ^^^3: 31, 51, 52^ Bflo] 

^■1 ^1- ^^^}-7l ^^1 ^S, Pis] ^ ^2:1- 71-2:1 ?1 4. 
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<44> ^ ^ 

Jl, S. y-H] ti>^ ^o] 47fl2l rf^EflolslI^ ^o.^ ^^^SJ ^^s. ^Al-5^cg IJ] ( 4 ) Si] 

^^1^ *H#(honeycomb)(4b)^ ^"S-a-^sl- ^7}S ^^l^H <?]:^^ 

(laminar) ^-t> S}-<g^ ^^^^^3^^ ^^^cf. ^7] b]x,^(4)S] ^^i^S ic#(4a)* 

SiCla+N?^ •S-^7>:i* -S-^^rl-D^ V^f/ln^ S^^oIIaI A-^MsI P),!?? ol-stl i_^y-v1 rat*!:;^ 
— - . . . ^N- — ^T=i .| 1 (JOT-: O'-i -J- -l: —1- E ~ I — 1 •-'i iZ^ 

«oM^>7l ^Sll ^-]oil ^^^^ ^4.0^ ^xg^ ^-(shield)-g- ^A}^} 

<46> 7d]]X] 61a-61c^ ■i-e^-e}<='l;^-l#, 62a-62c^ 82^ bUo];^-] ^e^^, 

63a63b^ ^*7fl^-l-, 64^ i^l&l^, 9la.91b^ ^1 ^^HCbeam dump)# ^B^^t:}. 

<47> HlH(4)a^.^S^Ei ^;^^7lel hL ^^^'^l CO2 «J(70)# SAV^} 

Zi, ::i CO2 eflo];^.^ «i(70) brnrn -^^^^i]^ 5]4nm s}-^>s] o]^(Ar-t ion) tflcj;^ 

(60)1- ^^^1*}^ ^A].^AS^ <a^H 2^t^ ^<i>?J ^^wfl^ (Photomultiplier 

tube, PMT)(80)# ^^B^POCt^liAl )s ^i^i-^VS^. SEt!- ^'g^^ ^fl^ 
(themophoretic sampling)^ -^tfl ^3i|.^^>^°l ^ (TEM)^^ "^^A^ 3.7]^ 
*H WliS^H CO2 Bfl'^l^-ISl SA>7} 2]-<S^ AJA^^ oj;,].o^ ;t,|o^o1] <^ti} 

14 S^^<?l7>-I- 0>2^ o]^ efl<^l7;-1(60)^ ^1^(4) S^^S^El hpTi 2^(51] 

^^^1)^# ^^<^1 ^^IslJl, CO2 5llol;^i«i(70)ii:f 5mm ^Tl] ^^l^^o^ ^uf. 
<48> ^.y-o. ;,|.;,|^ o^^^^ ^-y^ ^V«oHMlA-1 ^;g^V 30,] tt]^] 
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tl-i=f[R. A. Dobbins et al., 1991, Applied Optics, 30(33), pp. 4747-4754 
<49> t^^^ 3] 

S^Bl 'atj}i4 ^oi^ ^fe7"|-# ^n^t^. rrl-ej-Ai ^flr^^i^^ 7l^<a>^> G-S^-^S, 
elJl H]^1*}<^ ^^7^£^ 3.7)011 «y^>o| ^ :^ 

^"^g^* '^l-S-^V'^ S\-<^^^ ^±^]^6\]A] o^^}^^ ^D^BrH ^4^^>^nl;^ ^o] 
*]-^ S7l ^ ^5}-* ^^^^ O.^ 3i|-Ol-^ ^ Ojcf. 

^^■1 Bl-oV^>o^o> ^jn_ o]S.^^ 2^^^Mr ^^J^}<^<^> ^^«oH^ 

Bmj5^.o.s^E^ ^oli- B^S^,Al7]r^Ai ^^t)1(thermocouple)# A>^*| 
<^ ^M. ^^}7l- ^^tflol] «.aV£)ol ^:£^;gol l-7>^-sr>^S. SiC^ 

1- ^ ^^>5)^ -^^-^s ^'^V^H. "a^HS^^ 

^1^4 2:^3<^1 tfl*}<^ ^^j-i- ^J-71 ^^rfl 3]:^^ 0.5mm^ tfl^ 

oil ^t!- ^ S}-^^£^5L1- £ 8aoll i^Efufl^nl-. lilu-ls^Eioi ^o]7} llmm^l^H 

^£1- 7}^m 01 ^^oilA-1 01 5mm^^£ 'i<^:5j ^^Hl^-l 
2000°Col-^Joi i4B^tllojcl, 2^<§ ^^^oilA^ ^£1- UfHl-tfl^ >^JA^ 

^ ^;^l-7> i^t^^oil -^ai-sl^ «oM*>7l ^^>c»l ^A>^>^ (shield) 71-ioii 

5^«cl i^2ls32l u^^oli^. ^xJi\ SL^^ 4^1^11^ ;^1^<^1 BlHS^^S^B^ ^o)^^ 
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<52> s. Sb^l^i^ 6mm. 15mm-?1^Hl>H CO2 1137WS ^a}^ 

^41. CO2 Bll<^l;^-1^:a.T4 5mm^2l llmm, 20mmollA-1 *i^cfll- ol-g-*>o^ ^t^^^^ 

^, ZL&lZL ^ihS] c^^s. 91^ ^^7]Si\- ^^It^S^iM: ^^11 '^diS. «?] 

^ 2^1o]^-l«1o^ 7>>i^£7> ^ lOO'C^H '^'^*>^ ^^S. 

B^H^^E^ llmm^^Hl^i, 2^*§^^^<^l-^i^ ^A>^ ^£7> 3.JL ^d^S] 

-^^^l 40°C^S.S. "^Six^. Si02^ ^^-Jd «OI^(band)fe 455. 1090. 800 cm-l^^ ^ 
'■^■^S ^ElM j2[R.A. Nyquisi el al., Infrared spectra oi inorganic compounds, 4, 
Academic press. INC., 1997 CO2 934 cm-lc>lS.S. 7>>i«^l n] 

^ ^^l7l- C-l ol^o^;^^j7 '^7\2] 3.7] 7}:^^7}d]] «fl ]00«flol^l- 3.B.S. ^ 

<53> CO2 2^1<=>l7i ^1^1 0, 266, 750. 1150. 1490WS z]-^ ^sj-Al^lZL. CO2 eflo] 

7i SA}^^l(hL)# 5mm4|A-1 19mm7l-^l ^5^^]?]^^^, ^"^^^^-6: 4^ ^>?^7^£ 
^ 50sccm^ ^>-S-#^ ^]^7}^ -^^oi] cfl^H S 9a<Hl, zislJi ISOsccm^ ^-g-# 
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^l(hp)# ^n^JL, CO2 sfl^l^-]^ 5mm ^^Hl aA>5>ojT4. £ 9a^]^ CO2 
1- SA>^}^] I = 0). wlMS^-^^-f-Bl -a-f^-^c^s^ 

4. 

<54> tfma^-^S-Yt^ Mmm^'M^ s:^«^^>-S-o^l ^tl: *a^>^5^^4 -5-^ 

(coagulation)^S ^^^^^7} ^7}^v\. H&m n ol^i-o^ ^oloflA-^^ ^n>§l ^7]- 

<55> B^uiS^^S-^B^ 9mm^<^l7}^l^ Sl-<§f^^^<^lA-^ SiCU^ ^^^-§-^1 ^^^1 

M-^l nfl^'^l CO2 S^K>7flSlia. S. 8b<^l^i n<^]7^<^] 7>>;^£ 

ga-^^i hp<=14mm) ^^1 #7>§}7ll^x:1-. CO2 sfl ^j-^^ # ^7}^^^ 
^5^^ ^7>^# ^ ^x:f. a^uis^ c.s.« E^ 9mm«'l^. I4mm'^1sr>s^ ^oloi]^^ 

f^^sl^^m ^^tl: ^S^^^ "Ut}^ ^^sj. -§-^, 

-§--^2|-;^joi] o^*} :^^m7} ^m}:^] c^7]c^] CO? efl'^l^il- ^^V*}^ ^-^^11- ^^^^ 

Ai 14mm<=hp<=19mm) CO2 ^7H1 ^^e^-Jl ]4mm^<5HlAi 

CO2 ^^V^ ^(hp = 19mm) €^>^fl^* t= 9X^. 

<56> 15mmol^^ ^6l<^lA-1^ :i:iol ^^o^ «a;^>7> ^^^E^Jil, <^7lol] CO2 

eflo];^-^^ 2:AH>^, ^^<y;^>Sl S7l7> ^^^15^ 7l^«a^Hl ^ 10«fl 37] xifl^ofl E^l 
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5\5] '^M^o^s. ^z^-5]ol ^ll-§-^t!-4. ^ll-§-^^1'='fl^ 5^ (homogeneous 
nucleation)<Hl 7}^IL ^isfl ^^^1^^ ^^^^ ^ ^4. ^-g-l"^ 

-R-^* 150sccmO-S ^7H>^# ns] CO2 2llol^i<^1 ^^^^^^ fe^lf 

£ 9a, 9b# tiliii^V^ ^>-§-#^ o]^7}:^2] ^7>^^^, CO2 eflol^i^ 2^cfl<^ 

q-E^-ifl^ SA>^ ^l(A>^7o^£-el ^^^j)7]- 14mm(hp = 19mm)«>]|-H 17mm(hp = 

t}<^S. ^J7}7} CO2 «a^lsr}7l^^><^, N2(ol^7>>i) + SiCl4 + 

^ 7>^iSl ^ S.^ 71^ ^Cf. ne-m- i^#ol]Ai ^A>£]^ SiCl4^ ^^^] «] ^ 

20w]]ol-J ^7]^ 7l^lo|Hjg. SiCl4^il -a^o] u^^^Y^l^i^ ^^^ol 7l;^A^ 

SiC]4^ ^^O] ^^^^^ o^7.\o] ^:^i7l- ^7^711 ^l-i?]£^ f^7}S «?1 f } 

7l^'a;^>S. ol^c^^l ^ ^^^17> ^^^^1^. ^^^]^ ^:^o] ^s.s\o] ::f^^o^ 
S ^^5>^ ^^1 SiCl4^ -^^s] ^7H1 O.S oi:g.t]:C}. 

£ 9a«^l^is^ ^>f}^<^£2^ ^^17V SiCU^I f^7Hl 111-5} f^7}^>^ ^£ ^ 
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^^H 6, 12, ISmm^il^i CO2 2fl<^l^-11- ^^f" nfl 11, 17, 23mm«1lAi <a^># ^fl:^^ 
^ TEM £ 10a- 10c, £ 11a- 11c, £ 12a-12c«]l^i M-^^flSii^. 

CO2 S^m^l ^SJ:^ (I = 0W)1- M-^^a £ lOal- ^fl^^^l 

<?! llmm«^l^i 7151 7>i4i-o.s^E^ ^^1-^3^^ ^1^5]^ ^Sr 9X^B.^ ^fl^^^m 

T=f 5mm «i>Efl^ 6mm ^o]oilAi^ 7}^^^o] o]^7\] ^14. 0^7!^^ ^A>t^ CO2 

#7>-t'=>fl ^^^1-71- jLi)-7} £ 10b, £ lOcl- ^^}^ ^91^ ^ ^4. 

-£ 11a tfl^l llcollAi 1: ^ ^^ol 12mm ^<^1<^1 CO2 ^ lYmm^l] 

110nmofl>H 50nm^ ^ ^ llTOW^jA-^^ £ Hcofl :^o] c^^]. 

^ ^I^IA-^ 5l-^^o1] eflol;^^o^ ^A>7> <^j7}^7m ^^"^-^^^ S-ol^} 
^1^. ^^^], 18mm ^<5l<^l^-1^ 'a^M ^7l]s:>5.S 5)l<5l^-l# 2:A>^H 

£ ^^01 <aoli4;^l iigo^ ^HVo] ^o^^ ^ol^ £ 12a, 12ho\]^^Si]. :Qo] ^o]7;\s\.^] 

£ i2c«flAM ^"^^ 24-^^<?i i808W<^l>|fe ^^<g;<>^ ^<^}^]J1 § 

O^^V 0>^ OJ;^^^ Ol^O^^ ^^^17> ^7fl^# ^ ^ C^t\., S. 13a 

i^^l 13c<^]Ai^ '^]^7}^-^^o] ^ nfl, ISmm^^l^^l^l CO2 efl^l^i ^7>^>^a-1 gfl 

«=>l^i^i* Si^Mji, 20mm^^1<Hl'H ^l^tt q-Ej-ifl^^tq-. i = OW^ ^-f 4i^o] 

'y*HM-7l ^^^l7l- ^^^s]olojc^(j£ 3 3a) 01 260W^ ^^]o];^^ ai^ S 
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^^^1^ ±^o] o]^o]7^X] ^^o^ <y;^]-7> 13b). n^Ji ^] 

13c). o]^ ^^^^ Ja^^"?] ^2).o]c).. tiV^l-^ ol^7>>iS 3afl 

efl^l^i^ «a^lAl7l^ ^^c;\ efloj^il- A>-g-§H£ ^s}-^ 7].;^^ ^ o;^,:^ 

|<63> ol^ollA-l ^ 7l7l]?l ^;^l<^lofl cflcHA^ri> ^Ml^] 5] Xl n> ^ w>t^,e] 

^ ^-^ T^'a^t!- ^ =r^<5l 7>^^^ ^"^^HlTll ^o^Ai t^B^t!- ^^1^. 

^ ^^J^ 'g^oll ^^tb ^ojrf. ^, ^ ^v,^^ ^cg vH 

oflA-l ^Eflo^ <y^>^ "^^^^ S.^ ^^7}^^ ^ o.^ o]tfl£lolo> 

-^-i- =x <^1S '?^^]- ^ <a^>l- ^V-g-*}*^ f^^^^ ^^2] #:gol 
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1] 

^71 sF'S^'^l^-l ^3^^^ 'a^Hl *>i4^ '^^^ SA>s><^ 7>^ ^ 
l^^^J- 2) 

^ # ^s. ^ ^> ^ISf]-^ . 

3] 

^7] 2l-«lflo)]Ai ^^5^^^ OJ;,].oll WJ^ SA>^>C^ 7l-«i ^ :t;i*> 
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